Résumé. 2014 Nous présentons ici l'analyse théorique d'un schéma possible de 
Introduction.
Actual caesium beam frequency standards [1] use a deflecting magnet to select a class of atoms having a limited range of velocities and an appropriate hyperfine energy state. The beam is directed into a Ramsey type microwave cavity [2] where the F = 4, MF=O+-+F=3, MF = 0 transition is induced (clock transition). The resonance is observed with a second deflecting magnet and a hot wire detector. The performance of this type of device is mainly limited by the cavity phase dependent frequency shift and the evaluation of the beam velocity [3] . Arditi and Picque [4] have shown that it is possible to replace the state selecting magnet scheme by an optical pumping cycle to create the desired population difference; such a system yield higher beam intensity and better efficiency since all the atoms can be used in the pumping cycle. Recently, the advent of simple solid state laser diodes, operating at room temperature and at the appropriate wavelength (852.1 nm), has increased the interest for this proposal [5] . A scheme using two laser diodes in the optical pumping region [6] , should transfer all the atoms onto a single subleveL Therefore, the signal to noise ratio would be increased leading to a more stable frequency standard. Moreover the atomic velocity distribution should be known more precisely thus allowing a better evaluation of the residual frequency shifts limiting the accuracy of the device as a primary frequency standard [7] .
In this paper, we present a theoretical analysis of the population difference build up for a caesium beam pumped by two lasers. We compare the results derived with a direct phenomenological approach (rate equations) [8] to those obtained with the master equation approach (density matrix) [9] . For each approach, both the monochromatic and broadband excitation are considered. Numerical solutions are computed for each case and application to the realization of a practical frequency standard is discussed.
2. Proposed optical pumping scheme. Figure 1 shows the scheme of an optically pumped frequency standard; the population inversion is achieved by two pumping lasers and the resonance phenomenon (Ramsey fringes) is detected through fluorescence light induced by a third laser diode. A weak magnetic field B,, removes the Zeeman degeneracy. In this work, we limit our attention to the evaluation of the population unbalance created in the optical pumping region. Figure 2 shows the energy levels of the D2 line and the optical transitions involved in this study : a first laser diode, LD1, is tuned to the transition between levels g(F = 3) and e(F' = 4)
while the second laser, LD2, is tuned to the transition between levels f(F = 4) and e (Fig. 2b) . still created when the laser frequency spectrum broadens. This situation is more realistic since available laser diodes are far from being monochromatic.
In the following, we adapt the formalism developed by C. Cohen-Tannoudji for broadband excitation [9] to our case (hyperfine structure and two lasers excitation). We assume that the light excitations are broadband with respect to the Zeeman splitting but narrow band compared to the hyperfine splitting.
The Since we deal with two independent laser fields, the interaction term is the sum of two statistically independent random functions with coherence times l' 1 and i2.
We write :
The substitution of V(t) into equation 12 gives crossproduct terms E1 (t) E2 (t') which vanish after time averaging since the field fluctuations are uncorrelated (see appendix III). Also we find that populations are coupled only to populations as it is the case for one broadband laser excitation [9] .
In the interaction representation and within the rotating wave approximation, the evolution of the population becomes :
where the terms Ree, Rff and Rgg are expressed by equations 14, 15 and 16 respectively.
The population difference build up An(t), calculated from equations 28, 20 and 30 is shown on figure 5 for various laser power.
We see that a full population inversion (100 %) is achievable if the duration of the interaction is sufficiently long. The required time to reach a value close to 100 % is shortened if the laser power increases. These results are similar to those obtained through phenomenological approach in the broadband case (Curves 3 and 5 are not identical because the laser spectral power distributions are different compared to the atomic absorption line). This fact holds only because the two laser lights are broadband and uncorrelated. Dalton and Knight [17, 23] In this case the resulting population difference lies somewhere between 14 % and 100 %. However, a sequential pumping scheme where the light intensities are chopped alternatively may ensure a full pumping efficiency. Using equation 13 where the electrical fields are turned on accordingly to the sequence indicated on figure 6 , we obtain the population difference, Am shown on this figure. [19, 20] are involved.
If the Zeeman structure is not resolved we must sum over the final sublevels Mg and take the average over the initial sublevels Me :
Using the sum rules on 3-j symbols, we obtain :
Now if the hyperfine structure are not resolved we must sum over the final levels Fg and take the average over the initial levels Fe. Finally the sum rule on 6-j symbols gives :
where r is the lifetime of the J. levels is known from experiment. In the Cs case for the 6 2p 3/2 level, t is 30 ns [22] .
We define the transfert coefficients aF.M,.-F.M. by the relation :
The values of those coefficients for the transitions F' = 4 H F = 4 and F' = 4 H F = 3 are given in figure 7. They are related to the probability transition by : where we have used the relation :
Appendix II.
Explicit form of density matrix element evolution. -Equation 13 gives for the time evolution of the populations :
The optical coherences become :
while the hyperfine coherences are :
The This' expression is used to evaluate the interaction term and substituted into equation III .1. We recall that E(+)(t), El-)(t), Eá+)(t) and E2-)(t) are stationnary random variables with zero mean value and correlation time (coherence) relatively short. We then take the average value of the resulting equation III 
